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destructive to guarantee long-term research. In this paper, we review novel field methods using 35 isotope techniques for assessing carbon dynamics in the plant-soil-air continuum, based on 36 recent field experience and examples from a European climate change manipulation network.
37
2. Eight European semi-natural shrubland ecosystems were exposed to controlled warming and 38 drought manipulations. One field site was additionally exposed to elevated atmospheric CO2.
39
We evaluate the isotope methods that were used across the network to evaluate carbon fluxes Global climate change scenarios predict that increased greenhouse gas (e.g. CO2, CH4 and 87 N2O) concentrations in the atmosphere will alter the periodicity and magnitude of drought are often conducted at short or medium time scales due to funding constraints, or due to the 99 limited life-span of the experimental plots, as repeated removal of samples often leads to 100 disturbances and experimental artefacts in the studied system. Hence, there is a necessity for 101 the maintenance of long-term experiments using non-destructive methods.
102
Carbon fluxes through the plant-soil-air continuum play a central role in soil carbon cycling.
103
Drought and warming alter the quantity and composition of carbon inputs to the soil by 
262
As an alternative to stable carbon isotopes ( 12 C, 2009).
284
We tested the effect of experimental warming and drought on the natural abundance of 14 C in Methods using in-situ 13 C labelling to study rhizodeposition utilisation 305 306 In-situ pulse labelling with the stable carbon isotope ( collected at different times after the labelling, using a higher sampling frequency during the 355 first hours after the pulse. Soils were freeze-dried, sieved to ≤ 5 mm and PLFAs were extracted.
356
Fatty acid methyl esters (FAMEs) were analysed by gas chromatography combustion-isotope As a much more localized approach to a specific area, in-situ addition of 13 corresponding to 687 mg glycine m -2 (223 mg C m -2 or 0.016 mg glycine g -1 dry weight soil).
463
The label was injected into the soil just below the soil surface with a syringe moved among 16 
Conclusions and recommendations

533
Stable isotope studies provide insightful information about carbon (and nitrogen) fluxes through 534 the plant-soil-atmosphere continuum with minimal disturbance to the system, and contribute to 535 advance our understanding of climate change impacts on aboveground-belowground linkages.
536
However, their application is not exempt from difficulties and disadvantages. To keep a high 537 caution and avoid mistakes, our collective recommendations for applying the described 538 methods are provided and addressed in Table 1 .
539
In-situ pulse-labelling studies are powerful to analyse short-term carbon fluxes in the plant-soil important for planning any tracer application experiment (Table 1) . Ecosystems, 7, 583-597.
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